A telomere terminal transferase activity was identified in developing macronuclear extracts from Euplotes crassus. The activity was essentially unregulated in vitro: up to 50 tandem repeats of the Euplotes telomeric repeat sequence TTTTGGGG were added onto synthetic telomeric oligonucleotide primers. Both the structure of the telomere substrate and its 3'-terminal sequence were recognized. The activity was destroyed by low concentrations of RNase A.
Replication of telomeres, the essential G+C-rich structures at the ends of eucaryotic chromosomes (reviewed in references 1 and 3), is thought to involve a telomere terminal transferase (telomerase) that extends the 3' end of the G-rich strand by de novo synthesis of telomeric repeats (4, 14) . Such a telomerase activity has been identified in Tetrahymena theerinophila extracts (4) . Unregulated in vitro, the Tetrahymena telomerase adds more than 1,000 TTGGGG repeats onto telomeric primers (E. H. Blackburn, C. W. Greider, E. Henderson, M. Lee, J. Shampay, and D. Shippen-Lentz, Genome, in press). Further characterization of the activity showed that it is a ribonucleoprotein enzyme containing a single essential RNA species (5, 6) .
The highly conserved structures of telomeres among different eucaryotes imply that the mechanism of telomere elongation may also be conserved. Besides T. thermophila, other potentially good sources of telomerase activity are the hypotrichous ciliates Eiuplotes and Oxvtricha spp., which contain approximately 107 chromosomal termini per cell (reviewed in reference 7). Analysis of the telomerase enzyme in these organisms may be particularly enlightening since their telomeric repeat sequence (TTTTGGGG) is different from the Tetrahymena repeated sequence (TTGGGG) (2, 8) . Moreover, telomere length is regulated differently in the two types of ciliates. In Tetrahvmena ther-mophlila, telomeres typically consist of 50 to 70 repeats: however, length fluctuations occur under certain physiological conditions (9) . In contrast, telomere length in the hypotrichous ciliates is tightly regulated during vegetative growth. Macronuclear telomeres in vegetative Eiiplotes crIassius consist of a 28-base-pair duplex region plus a 14-base single-stranded tail (8, 11) . During Euiplotes macronuclear development, oversized telomeres are added onto DNA molecules immediately after chromosomal fragmentation and are subsequently trimmed back to their stable vegetative lengths (13) .
A telomerase activity has recently been identified in vegetative macronuclear extracts from Oxytricha niova (15 (Fig. 1) . The reaction worked equally well at 22°C, the optimum temperature for Eiuplotes growth, or at 30°C, the temperature at which Tetrahvmena telomerase was assayed (Fig. IA) . Telomerase activity was found exclusively in the nuclei and did not appear to leak out: however, hypotonic lysis of the nuclei released all of the activity into the supernatant fraction (data not shown). Although the products of the Tetrahvinena telomerase reaction ( ,. . To determine the total number of TTTTGGGG repeats added, the Eiuplotes telomerase products were assayed on an alkaline agarose gel (10) . Products with lengths of up to 400 nucleotides (50 repeats) were detected, although the major products ranged from approximately 75 to 300 bases (Fig. 2) .
These data indicate that the Eiuplotes telomerase is highly regulated in vivo, since telomeres at this stage of development are approximately 80 base pairs long and are subsequently shortened and stably maintained at 28 base pairs plus a 14-base 3' protruding tail during vegetative divisions (13) .
The substrate specificity for the Eluplotes telomerase activity was similar to that of the Tetrahvynena telomerase (5); both the structure of the telomere substrate and its 3'-terminal sequence were recognized. Primers that differed in their 3'-end sequences were tested to determine whether the permutation of the input oligonucleotide was perceived. The pattern of bands repeated with an 8-base periodicity in the elongation products was relatively shifted up or down, depending on the 3' sequence of the three input telomeric primers of identical lengths and repeat units (Fig. 1B and 3) . Oligonucleotide primers ending with less than four G residues (5'-GTTGGGGTTGGGGTTGGG-3') or less than four T residues (5'-GGGGTTGGGGTTGGGGTT-3') were elongated by the appropriate number of nucleotides to create a complete Eutplotes telomeric repeat, GGGGTTTT, or TTT TGGGG before additional repeats were added. These results show clearly that the Euiplotes telomerase activity, like that of T. thermophila (5), adds both G and T residues one nucleotide at a time to the 3' terminus of the telomeric primer rather than adding them as a single block.
The Euplotes activity also recognized the structure of the telomeric substrate. G-rich telomeric sequences from a variety of organisms were elongated by the addition of many 8-base repeats (Fig. 1C) .
Like the Tetrahymena telomerase, the Eiuplotes activity contained an essential RNA component (Fig. 1D) . The difference between the telomeric sequences synthesized by these two activities may be specified by the RNA moiety, since a potential templating sequence has been identified in the Tetrahymena telomerase RNA species (6 products. Assays were carried out at 30°C as described in the text, using a (TTTTGGGG)4 primer. The reactions were terminated at the time points indicated, and the products were resolved on an alkaline 1.5% agarose gel (10 were assayed for telomerase activity at 30°C. Lanes: 1. no RNase A: 2 to 5, 0.1, 1.0, 5.0, and 10.0 ,ug of RNase A per ml, respectively; 6 to 9, 0.1, 1.0, 5.0, and 10 jig of RNase A per ml, respectively, plus 5,000 U of RNasin per ml: 10, 10 ,ug of oxidized RNase A per ml. 
